INTRODUCTION
The interactions between surface water and groundwater play a fundamental role in the hydrological system. The flow of groundwater in wetlands often depends on the groundwater level, which may need to remain near the surface to provide adequate support for flora and fauna (Acreman and Adams 1998 , Winter 1999 , Sophocleous 2002 , McCartney and De la Hera 2004 , Acreman 2007 . The analysis of this wetland-aquifer connection can be approached via many different methodologies (Camacho et al. 2009 ) based on both quantitative studies of the network flows and qualitative studies focused on analytical determinations. Since there was little available data, we chose a qualitative approach for this novel study which employs chemical signatures to define the wetland water sources.
The wetlands in the Miguel Ibáñez area of Spain (Fuente Santa, Balsa de la Ermita and San Pedro ponds) comprise three remnants of an older, larger system of wetlands. The aim of this paper is to explain the persistence of these small wetlands and analyse the interactions between surface water and groundwater. The wetland-aquifer flow exchange is determined by a variety of climatic, geological, hydrogeological and biotic factors (Winter 1999 , Sophocleous 2002 . These hydrometeorological factors are explored to identify the environmental flow required to sustain an appropriate function of the Miguel Ibáñez wetlands. Environmental flow assessment includes the determination of the quality, quantity and timing of water flows required to maintain the desired status of aquatic ecosystems (Brisbane Declaration 2007, De Stefano and Llamas 2012) . Most environmental flow studies to date have focused on rivers fed by surface flow, where the source of water is clear. To define the environmental flow of systems such as wetlands, their water sources must first be defined. It is often the balance of these different sources with varying properties that gives the wetlands their distinct ecological character. This paper is novel in addressing this issue. Throughout the paper "pond" and "wetland" are used as synonymous terms.
Based on previous field observations, we consider the Fuente Santa pond to be permanent and therefore highly dependent on groundwater. This hypothesis is based on two factors: (1) it is the most persistent wetland of the area and remains flooded while the other surrounding wetlands dry up; and (2) it has only dried up in extremely dry years, within or at the end of a dry period. The Fuente Santa spring, which discharges on the southern shore of the wetland, is the most likely primary water contribution. However, the physico-chemical properties of the spring waters and those of the Fuente Santa pond differ considerably. It is hypothesized that this may be due to some of the following: (a) additional contributions from different sources, such as biogeochemical processes in the hyporheic zone that alter the initial conditions; (b) anthropogenic contributions that substantially alter the quality of the natural system; or (c) other important but unidentified contributions. According to the villagers in Miguel Ibáñez (oral information), they only remember seeing the Fuente Santa dried up in one year during the decade 2000-2010. The hypothesis for the seasonal Balsa de la Ermita pond is that it receives contributions from diffuse groundwater discharges. Its physico-chemical facies presents waters similar to those of the Fuente Santa pond; however, its salinity is higher, as reflected by its higher electrical conductivity (EC).
Finally, the waters of the San Pedro pond have different physico-chemical characteristics from those of the Fuente Santa and Balsa de la Ermita ponds, indicating that it may have a different water source. Its temporal character and physico-chemical characteristics seem to correspond to groundwater flows with high salinity.
The following sections first describe the specific characteristics of the area studied, based on the climatic, geological and hydrogeological factors, as well as pressures affecting the wetlands. Next, the research methodology is outlined, and the water samples and arsenic concentration data from the field campaigns are then interpreted, along with the isotopic determinations.
SITE DESCRIPTION
The wetlands of Fuente Santa, Balsa de la Ermita and San Pedro ponds are located in the western part of the province of Segovia, approximately 25 km northwest of Segovia in the Autonomous Community of Castilla-León, Spain (Fig. 1) . In hydrological terms, they belong to the Duero River basin and are located in the Eresma River subwatershed within the area of the Tormejón stream, a left-bank tributary of the Eresma, which is itself a left-bank tributary of the Duero. The municipal area of the village of Miguel Ibáñez covers 179.80 km 2 at an altitude of 907 m a.s.l. Archaeological findings from the Bronze Age in the area suggest that the Miguel Ibáñez wetlands are what remains of the large inland freshwater wetlands that existed previously in this part of this river basin. The proof that these wetlands existed is seen in the organic silt extensions corresponding to Quaternary pond bottoms (IGME 1991).
Climate
The southern Duero basin has a typical Mediterranean continental climate, with summer drought conditions that affect 90% of the basin surface (CHD 2012). According to Morán-Tejeda et al. (2012), there has been a substantial reduction of water resources in the Duero basin over the last 50 years and this is likely to continue because of climate change. These authors point out a general decreasing trend in the frequency and magnitude of high flows throughout most of this basin.
Geological setting
The orography of the Duero basin is mainly flat and elevated, surrounded by mountain systems. It consists of three separate environments: the peripheral ring of mountains, the central plain and the Portuguese lowlands. Of note in the peripheral ring of mountains is the Sierra de Guadarrama, very close to the study area ( Fig. 1 ). This area corresponds to a graben parallel to the Sierra de Guadarrama and is filled with Tertiary and Quaternary materials, as defined by the interplay between deep, NE-SW Late Hercynian fractures with a southern edge overriding the Tertiary series (Fig. 2) . The bedrock is covered by Cretaceous materials. According to the CHD (2012), the standard lithological column consists, from top to bottom, of Quaternary materials, generally sands, slimes, gravels and blocks; Neogene gravels, conglomerates, breccias and argillaceous material; Palaeogene conglomerates and sandstones, Late Cretaceous limestone and sand; plutonic rock from the Late Carboniferous; quartzite and slate from the Early Cambrian; and Precambrian metamorphosed acid rocks. (adapted from IGME 1991) showing the location of the study area, location of points on groundwater quality networks and borehole locations, with lithological column information (data from the IGME database), and location of transects discussed in the text; and (b) and (c) transects A and B, respectively, indicated on the geological map.
This southeastern part of the Duero basin exhibits natural arsenic concentrations. The origin of the natural pollution seems to be in the groundwater and sedimentary rock interactions. These sedimentary rocks (aquifers) are mainly Miocene marl and clays containing oxides and hydroxides of iron, manganese and titanium, colloids, micas and pyrites, with high arsenic content transported to the groundwater (Díez and Martín Duque 2005) .
Hydrogeological characteristics
The Duero basin is the discharge point for the regional groundwater flow. The area studied is located in the groundwater bodies between Cantimpalos (GWB no. 021.055) and Los Arenales ( Fig. 1 ) (GWB no. 021.045), where different aquifer levels overlap, basically Quaternary, wind sands, detrital Tertiary and basal Mesozoic.
The main aquifer consists of detrital material composed of Tertiary sands, gravels and stones, distributed within lenses and surrounded by a less permeable clay matrix to form a confined or semiconfined, multilayer, heterogeneous and anisotropic aquifer (IGME-DGA 2010). For this reason, the upper levels of this aquifer frequently support perched aquifers. The aquifer nearest the surface is associated with Quaternary detrital materials, composed of sands, slimes, pebbles and gravels, which constitute the valley bottom wetlands. The Tormejón stream starts in the Pinilla-Ambroz municipality and runs south-north. Along the first stretch, its course goes through shales and slate grounds and it remains dry, except during periods of heavy rainfall. When it reaches detrital materials, it flows west-east to its mouth on the Eresma River (Fig. 1) . The inflection point of the Tormejón stream when it reaches Tertiary detrital materials is 300 m upstream of Miguel Ibáñez (Fig. 1) . From that point, the flow rate increases and remains more stable, although, when long dry seasons occur, it becomes intermittent and is reduced to small stagnant pools. In general terms, the river can be described as losing, i.e. it drains into the aquifer (personal communication, Víctor del Barrio, CHD).
Identification of pressures
The current status of the Miguel Ibáñez wetlands shows some degree of damage in the Fuente Santa pond due to various excavations which have deepened it, affecting the basin morphology and hydrologic system.
The Balsa de la Ermita and San Pedro ponds are also surrounded by farmland, and surplus irrigation water channelled by surface runoff to the wetland basins may modify their physico-chemical characteristics and flow regime. Fertilizers used with irrigation can be transported into both the runoff and the aquifer, which increases the nitrate and nutrient concentrations. In addition to all these factors, the Fuente Santa wetland is used for watering cattle, it is polluted by nitrates from irrigation and it receives various discharges of organic matter.
MATERIALS AND METHODS
The methodology is described in the following sections.
Data collection
Meteorological data were obtained from the Spanish Meteorological Agency (Agencia Española de Meteorología, AEMET) for the stations near Miguel Ibáñez (Table 1) . These data included:
(a) historical precipitation data from the Segovia station (2465), which, according to the AEMET, is the closest rainfall station to Miguel Ibáñez with the longest historical record, being 25 km away and having precipitation data from October 1988 to December 2012; (b) daily precipitation data from the Migueláñez station (2482-B); this is the closest station to the Miguel Ibáñez area, although with a very short historical data record; and (c) daily evaporation data from the three closest stations (Segovia: 2465, Ávila: 2444 and Geological data were collected from the Instituto Geológico Minero de España (IGME) database: 59 survey columns were collected in the area studied (Table 2) ; the locations are shown in Fig. 2 .
Hydrochemical characteristics
The hydrochemical characteristics of the Tertiary detrital aquifer were determined. We carried out an analysis of the groundwater quality data at those points in the IGME and CHD control networks within the area studied that are located in the detrital Tertiary aquifer (Table 3 ). There are four control points in the study area for which chemical compositions were available: CA0255017, CA0255014, CA0245027 (CHD) and 17184001 (IGME) (Fig. 2) . We also calculated the arsenic concentrations in the Tertiary aquifer in the Miguel Ibáñez area. The presence of arsenic in this area of the Duero basin has been reported by various authors (Moyano et al. 2003, Díez and Martín Duque 2005) , and it was used as a tracer to check the presence of groundwater in the ponds analysed.
Field water inventory
Water points An inventory of water points was developed consisting of 12 points within a 10-km radius of Miguel Ibáñez ( Fig. 1 and Table 4 ). These comprised six ponds, three springs, one dug well, one water tank and one borehole. These last three were old wells supplying the village of Miguel Ibáñez. All water points were located by handheld GPS device with a horizontal accuracy of ±5 m.
Water sampling Seasonal water was sampled at 11 of the 12 inventoried points. Four field campaigns were carried out in March, June, July and October 2012. Details of the sampling points are given in Table 4 . Measurements for water pH, temperature and EC were taken in situ. All water samples were stored in 1000-mL high-density polyethylene bottles for physico-chemical analyses and 50-mL bottles for isotopic analyses. (Some of the points dried up during some field campaigns, as shown in the "Results" section.) Locations 9, 10 and 11 (Bon, Charca de Marmolejo and Armuña) correspond to three additional ponds that were included in the study as complementary information.
Physico-chemical analysis Twenty-three physico-chemical analyses were carried out to determine the water facies of each inventoried point ( Fig. 1 ). Chemical and isotopic analyses were conducted according to standard methods and procedures adopted at the IGME and Centre for Studies and Experimentation of Public Works (CEDEX) laboratories.
Statistical analysis
We carried out statistical analyses of some of the physico-chemical results. Each physico-chemical analysis has 10 components (Cl -, SO 4 2-, CO 3 H -, NO 3 -, Na + , Mg 2+ , Ca 2+ , K + , EC and pH). Student's t-test was performed to compare water samples obtained with the same method in the field work. Assuming that location 6 ( Fig. 1) was the most representative groundwater sample of the Tertiary aquifer of the Miguel Ibáñez area, and that the Fuente Santa waters (Location 1, Fig. 1 ) could partly come from this aquifer, 9 of the 10 components of waters analysed from both locations were compared. The outcome of the Student's t-test is the acceptance or rejection of the null hypothesis (H 0 ). If the means of both components are the same, both samples contain the same percentage of the analyte; if the means are significantly different, each sample contains a different percentage of the analyte. It is assumed that the test provides results within a predefined confidence level: 95% in the field of chemical analysis.
Arsenic analysis Arsenic concentrations at the inventory points were determined based on water analyses to check whether these locations received groundwater from the Tertiary aquifer. Water samples from ponds and springs were taken during two field campaigns (July and October 2012) and were analysed at the IGME Water Laboratory.
Isotopic analysis
The calculation of oxygen/ deuterium isotopic concentrations of four water samples was performed in the CEDEX Isotope Laboratory.
The Fuente Santa wetland
A pilot pond was selected for the study, particularly for the daily monitoring of changes to the water level. The Fuente Santa wetland was chosen since: (a) it is permanent, i.e. permanently flooded; and (b) it is located within the town of Miguel Ibáñez itself.
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RESULTS AND DISCUSSION
According to the precipitation time series, the average annual rainfall is 469 mm year -1 . Following the approach of Custodio and Llamas (1983) , in a "dry year" the rainfall is at least 15% lower than the arithmetic mean (mean precipitation, MP < 399 mm); in a "wet year" the rainfall exceeds the mean by at least 15% (MP > 540 mm), and in an average year the precipitation is ±15% of the average rainfall. The years included in the study were classified using this grouping (399 < MP < 540 mm). The 24 years represented include four dry years (1991, 1994, 2009 and 2011) , five wet years (1990, 1996, 1997, 2002 and 2008) and 15 average years; therefore, the frequency of the first category is almost double that of the second category, with average years being the most frequent. Nevertheless, the Fuente Santa pond seems to have been flooded even during these dry years, according to local oral reports. The annual historical series evolution for 1989-2012 is shown in Fig. 3(a) , where annual evaporation is also represented. It can be seen that mean evaporation is 1106 mm year -1 . In terms of hydrological years, a comparison between average monthly precipitation for 1989-2012 and the monthly precipitation of the hydrological year 2011/12 is shown in Fig. 3(b) . There are just three months in which the monthly precipitation was higher than the average precipitation of the period considered: November 2011, and April and September 2012. Figure 3 (c) shows the evolution of evaporation and precipitation for the observation period 1 April-31 December 2012 at the Migueláñez station. Evaporation measurements obtained using a Piché evaporimeter have been adjusted in accordance with Custodio and Llamas (1983) by applying a 0.7 correction factor to transform the evaporimeter tank measurements to actual evaporation. This evaporation coefficient was used to convert the AEMET potential evaporation estimates to open water equivalents in line with coefficients proposed by Acreman et al. (2003) .
Geological data
In detrital Quaternary materials, when slimes are abundant and the morphology is that of a semi-endorheic basin, pond bottoms are formed. These valleybottom wetlands and ponds are smaller due to the reduced dimensions of both their surface area and depth; they are usually no more than 3-4 m deep. Such materials surface south of Miguel Ibáñez, along the small valley of the Tormejón stream ( Fig. 2(a) ).
Among the Quaternary materials, the alluvial fans in the form of a glacis are worth noting, with higher permeability surface sands and quartz pebbles. Due to the ground morphology and elevation, Identifying wetland water sources for environmental flow assessment the water that permeates through these fans diverges in the area proximal to the Tormejón stream, forming springs such as the Ermita Spring close to Balsa de la Ermita pond (location 4, Fig. 1 ). Tertiary materials of sedimentary origin are found below the Tormejón stream alluvium, mainly to the north. These are formed by pebble conglomerates, and shale and granite blocks, with sands of a predominantly silty-clay matrix, presenting calcium carbonate foundations (Fig. 2(a) ). These materials fill a small rift valley southeast of the Santa María la Real de Nieva Palaeozoic rock mass. These materials as a whole form the physical support for the deep aquifer.
In the Miguel Ibáñez area, the average thickness of the materials filling the rift is 80 m. They are 
Hydrochemistry of the Tertiary detrital aquifer
There are four points in the quality control networks in the aquifer, in the vicinity of the area studied (Fig. 2(a) , Table 3 ), though outside it, located in the Tertiary detrital aquifer. Data from these points were analysed to explore similarities and differences with the waters of the three wetlands studied. Point CA0255017 is located upstream of Miguel Ibáñez while point 17184001 is close to CA0255014 (Fig. 2(a) ). This point 17184001 is 92 m deep; there are no data available regarding its lithological column. Waters containing calcium bicarbonate were found ( Fig. 4(a) ) with electrical conductivities of 387-696 μS cm -1 . Figure 4(b) shows the Piper diagram for points CA0255017, CA0255014 and CA0245027. The variation in chlorides over time at point 17184001 seems unusual and may be due to the greater depth of this point compared to the other two quality network piezometers in the Cantimpalos groundwater body (Table 3) . Point 17184001 has a much more stable chloride concentration pattern in evolution over time than points CA0255017 and CA0255014 (Table 5 ).
The hydrochemical results in Table 5 reveal the following:
(a) The presence of nitrates in the aquifer seems relatively recent, judging by the trend observed in the 2006-2012 series. At point CA0245027, nitrates were only recorded in 2012; at CA0255017 the trend is rising; and at CA0255014, concentrations vary randomly from one year to another. (b) The chloride content at the CHD control points is stable over time, unlike the situation at point 17184001 (IGME). (c) Arsenic was not found at any of the three CHD measuring points. The IGME point has no arsenic data.
Arsenic concentrations in the Tertiary aquifer
Based on the arsenic concentrations detected in the samples taken during the July 2012 field campaign, all the water points had arsenic concentrations above the permissible limit (50 μg L -1 (WHO 1998) and 10 μg L -1 (EC 1998) (Table 6) , with the Charca de Marmolejo registering the highest concentration. This finding indicates that the ponds (and the springs) received groundwater discharges from the aquifer.
Field water inventory
The sampling point characteristics are given in Table 4 , and the results of the chemical analyses in Table 7 . Basically, the results can be categorized into three groups: Tertiary detrital aquifer waters (samples 6 and 7), pond waters (samples 1, 3, 9, 10 and 11) and spring waters (samples 2, 4 and 8). Figure 5 (a)-(c) shows the evolution over time of the results obtained in each of the three ponds that were the object of this study according to the Piper diagram. Figure 5(d) shows the diagram for the three auxiliary ponds which were sampled in the last three field campaigns.
The results for the water samples taken from the Fuente Santa pond and spring (locations 1 and 2, respectively) indicate two different sources ( Fig. 5(a) ). There is a similar discrepancy between the Balsa de la Ermita pond and Ermita spring (locations 3 and 4, respectively) ( Fig. 5(b) ). However, the waters from both springs are very similar both to each other and to the Tertiary detrital aquifers (cf. Fig. 4) .
The chemical quality of the water from the Fuente Santa pond is not the same as would be expected based on the detrital aquifer and the Fuente Santa spring waters:
Comparison of Fuente Santa pond and Tertiary detrital aquifer waters The data suggest that the pond water could be supplied by aquifer water with higher sodium, potassium and chloride concentrations. The data from the aquifer waters at points 171840001, CA0255017 and CA025514, and location 6 of our study indicate that this source has a considerable nitrate concentration. This was confirmed for the waters of the Fuente Santa spring. However, nitrates were found in the Fuente Santa pond in only one of the three campaigns (June 2012).
Comparison of Fuente Santa pond and Fuente
Santa spring waters The water of the wetland differed from that of the spring. The spring waters had considerably lower mineralization and resembled the Tertiary detrital aquifer waters more than those from the pond, as demonstrated in the Piper diagrams obtained (Fig. 5 ). Furthermore, the spring waters had a similar nitrate concentration to the aquifer waters. It was found that contributions from the Fuente Santa spring were discontinuous because the spring dries up during months of drought, and a sharp decline in the water level in the wetland was observed. Fig. 4 Piper diagrams of (a) the available data for quality network point 17184001 for the period 1982-1998; and (b) the three quality measuring points for groundwater of the Duero River Basin Authority in the area indicated in Fig. 2(a) for the period 2006-2012.
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A. de la Hera Portillo and J.M. Murillo Díaz 5(a) ) indicates a progression from Ca-HCO 3 (March 2012) to Na-HCO 3 waters (June 2012), Na-Cl waters (July 2012) and, finally, Na-HCO 3 waters (October 2012). The sampling period 1 April 2012-31 October 2012 represents a pond-filling process followed by a pond-emptying process. This hydrochemical evolution is caused by a change in the source of the water: the Ca-HCO 3 waters correspond to waters from the Fuente Santa spring, while the Na-Cl waters suggest an aquifer contribution, which is the only water input into the pond during the drought period. A similar hydrochemical evolution is observed in Fig. 5(b) for the Balsa de la Ermita pond. Finally, Fig. 5(c) shows the hydrochemical evolution for the San Pedro pond and Fig. 5(d) for the auxiliary ponds, where it can be seen that the San Pedro and Bon ponds present similar hydrochemical facies for at least one sampling month. Figure 6 shows the Schoeller diagram for the results obtained in each pond.
It was observed that most of the water samples contained calcium bicarbonate facies, with the exception of those from the Fuente Santa and Balsa de la Ermita wetlands, which contained bicarbonate/ sodium sulphate facies. It can be seen that the salinity of the Balsa de la Ermita is almost double that of the Fuente Santa and that the salinity levels in the San Pedro pond vary considerably.
Statistical analysis
Assuming that the waters of the Tertiary detrital aquifer, which are most representative of the area studied, are to be found at location 6, statistical analysis was carried out using Student's t-test. The results are given in Table 8 . For six of the nine parameters analysed, the hypothesis is confirmed that both samples belong to the same population, i.e. to the Tertiary detrital aquifer.
Isotopic data
The isotopic characterization was carried out using four water samples taken from two ponds (Fuente Santa and Balsa de la Ermita) and two springs (Fuente Santa and Ermita), as indicated in Fig. 1 . Table 9 lists the results for the excess calculated deuterium for each sample and the EC measured in the field. Figure 7 shows the isotopic deviations from the Global Meteoric Water Line (GMWL) in the measured samples.
The samples taken from the Ermita and Fuente Santa springs conform to the GMWL and appear to come from direct infiltration of precipitation without undergoing any evaporation processes. The similarities between samples indicate that they may have the same origin; the difference between their EC indicates a longer residence time for the water discharged into the Ermita spring. The samples obtained from the Balsa de la Ermita and Fuente Santa ponds, which also had similar isotopic compositions, had very positive isotopic deviations indicating that they have undergone evaporation. The excess deuterium values obtained confirm these findings. Depending on when they were taken, the samples may have been influenced by winter rainfall and runoff and show little evidence of evaporation. However, inputs from both rainfall and groundwater were scarce.
Bathymetry of Fuente Santa
Detailed bathymetry of the wetland (Fig. 8) was extrapolated using an ordinary kriging geostatistical method with the SURFER (Golden Software) program. Once the bathymetry was established, a staff gauge was installed, as shown in Fig. 8 . The evolution over time of the daily water depth readings is shown in Fig. 9 .
A significant increase in the water depth (30 cm) was observed between 29 April and 3 May due to heavy rains occurring immediately prior to these dates. Additionally, there was a sharp drop in the water depth after 16 June 2012 because of severe evaporation, lack of precipitation and a possible reduction in the water input (cf. Fig. 3(c) ). On 28 March 2012, the water levels were measured in the well (6) and water tank (7 in Fig. 1 ) adjacent to the pond (Fig. 10(a) ). The existence of a closed probe in the well (6) suggests that the Tertiary detrital aquifer on that side of the Fuente Santa pond is at least 30 m deep. However, it was observed in a transverse of the previous profile ( Fig. 10(b) ) that the slate not only outcrops into the wetland basin but also is only 1-2 m deep between the wetland and Tormejón stream. Piper diagrams of water samples taken in (a) the four field campaigns in the Fuente Santa pond and its associated water points (numbers corresponding to Fig. 1 ): Fuente Santa, FS (1); Fuente Santa Spring, FSS (2); Dug well (6); (b) the Balsa de la Ermita pond and its associated water points in the three campaigns when it had water: Balsa de la Ermita, BE (3); Ermita Spring, ES (4); (c) the San Pedro pond (5) in the two campaigns in which it had water; and (d) the three auxiliary ponds existing in the study area: Bon pond (9); Charca de Marmolejo (10) and Armuña (11). 
Hypothesis of hydrogeological function
If the Fuente Santa pond received water exclusively from the Tertiary detrital aquifer, as it supposedly does during droughts, it would be expected to have the same chemical composition as the aquifer waters. However, this may not necessarily be the case, because there are known anthropogenic discharges.
It was noted that the Fuente Santa pond contains considerably higher salt concentrations than expected, lacks nitrates and contains arsenic. The progressive temporal increase in the chlorine and sulphate concentration may be indicative of a change in the water source; however, this change may also be due to external anthropogenic input or may be a consequence of evaporation, the main process responsible for removing water from the pond. The Fuente Santa pond seems to receive continuous groundwater contributions from the Tertiary detrital aquifer, except when the water table drops excessively, as villagers reported had occurred between 2000 and 2010. The Fuente Santa spring also discharges into this wetland when it is active (during the winter and spring months and possibly in autumn if there is rain). The rainfall was particularly low in the year studied. Thus the Fuente Santa spring was active in July, with groundwater the only contribution to the wetland. From May to September 2012, the water level of the Fuente Santa pond fluctuated just over 1 m ( Fig. 9) and there was only a small amount of rainfall at the end of July (Fig. 3(a) ). The increased evaporation led to an increase in salt concentration in the waters of the wetland, where the EC reached 1137 μS cm -1 in the final sampling campaign, during October 2012, at the end of the dry season. Therefore, the Fuente Santa wetland seems to depend predominantly on the groundwater it receives and partly on both the diffuse discharges facilitated by the excavation of its basin and the contributions from the Fuente Santa spring.
A simple water balance has been developed for Fuente Santa pond. Because there was no rainfall between 16 August and 1 September 2012, and the only water output from the wetland was evaporation, a specific calculation was undertaken to quantify groundwater inflows to the wetland. The space considered was just the flooded wetland bed (878 m a.s.l.). The results are shown in Fig. 11 , and Tables 10 and 11.
The water balance is quantified on a daily basis to provide estimates of groundwater daily input to the wetland. Level-volume-area relationships are expressed as a set of regression curves describing the relationship between water level and the area of open water, and water level and volumetric storage in the wetland (Table 11 ). The results show that the groundwater input to the Fuente Santa pond is about 0.78 m 3 d -1 , which is not enough to compensate for the high evaporation losses occurring during the summer. An understanding of the site hydrology reveals that the main process influencing water levels within the wetland is pumping, which affects not just the water level of the Fuente Santa wetland but also the water quality due to the use of fertilizers. This is consistent with the villagers' observations: the water level of Fuente Santa pond rises immediately when pumping stops, i.e. from September onwards.
The Ermita spring has physico-chemical characteristics consistent with a detrital aquifer water source. The arsenic and nitrate concentrations are also consistent with the aquifer waters. However, the Balsa de la Ermita pond has similar physicochemical facies to the Fuente Santa pond, and both the Charcas de Marmolejo and Armuña ponds. Moreover, as for the Fuente Santa pond, the analysis of the time evolution over the first three field campaigns reveals a parallel evolution ( Fig. 5(d) ), which suggests the water process is the same, i.e. a dryingup process and increased salt concentrations. Fig. 9 Daily changes in the water level of Fuente Santa pond during the period 1 April-12 September 2012. As can be observed, there are two different slopes in the water level curve: Slope 2 may indicate the effect of groundwater discharge. The short period of 16 August-1 September 2012 is selected to apply a simple water balance to quantify this groundwater inflow to the wetland.
The data obtained from the Balsa de la Ermita pond seem to reveal a hydrogeological function independent of the Fuente Santa pond. This is a wetland with a mixed input system, i.e. it receives contributions from both surface runoff and precipitation, as well as groundwater discharge (Fig. 12(a) ).
The Balsa de la Ermita pond has levels of EC which are twice as high as those of the Fuente Santa. The Balsa de la Ermita has higher levels of calcium, magnesium and sulphates. This different origin of the water seems to be corroborated by the type of facies present in the water of the Ermita spring, being calcium and/or magnesium bicarbonates.
The Balsa de la Ermita is in a lithological contact zone of a Quaternary glacis, consisting of highly permeable sand and gravel, with less permeable Tertiary and Quaternary materials. The water seeps through the glacis and discharges into this low area, favoured by the contrasting permeability. In the dryseason months when the diffuse groundwater discharges stop and evaporation increases considerably, the pond dries up. This wetland receives local groundwater flows on its northern side, while there is possibly groundwater outflow from the wetland to the aquifer on its southern slope.
Finally, the San Pedro and Bon ponds show the most diverse physico-chemical characteristics of all of the water points analysed in the calcium and/or magnesium chloride-sulphate content of their waters. This indicates a different source for their inputs. In fact, the bottom of the Bon pond sits on Miocene sands, which indicates that the sources of the basin ponds may come from a local flow discharge from these sands; in the San Pedro pond, the sands of Los Arenales are located immediately to the north in discordant contact with the underlying slate (cf. Fig. 2) .
The San Pedro wetland remained dry for most of the study period, from 1 March to 5 June 2012, during which the water depth was approximately 15 cm at its lowest point. However, a month later, on 5 July 2012, it was dry again. This pond is located on an outcrop of Palaeozoic slates, and the basin consists of regolith from the same material ( Fig. 12(b) ). In the data from the June 2012 campaign, the San Pedro pond had the highest level of salinity. However, the results obtained from the October 2012 campaign show that this level fell by 50%, which may be the result of a dilution process due to the rainfall that occurred prior to the sampling. The chemical composition of this water with sulphated facies and/or chlorate and/or magnesium calcites shows the different origin of the waters that feed the Fuente Santa and Balsa de la Ermita ponds.
The paragraphs above show that the interactions between wetlands and groundwater vary significantly between individual wetlands, even ones that are close to one another. A similar example in the United Kingdom occurs in Langmere, Ringmere and Fenmere, which are visually similar and geographically close to each other, but are hydrologically different. Langmere is in direct hydrological contact with the underlying chalk aquifer and its water regime is controlled by groundwater fluctuations. Ringmere is partially separated from the same aquifer by a lining of organic matter (an aquitard), but is still largely controlled by groundwater. In contrast, Fenmere is isolated from the chalk aquifer by a low-permeability clay layer (an aquiclude) and its water levels are controlled exclusively by rainfall and evaporation (Acreman and Miller 2007) .
In this study, we have identified the water source of the three wetlands of Fuente Santa, Balsa de la Ermita and San Pedro. This allows an environmental flow strategy to be developed. The definition of environmental flow cited above implies sustaining freshwater ecosystems, which requires management of the different water sources. Identification of the impacts affecting wetlands is a very important step towards devising a correct conservation strategy to guarantee the quality and quantity of the water Fig. 11 Flooded area-height and volume-height curves for Fuente Santa pond obtained from the bathymetry.
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MANAGEMENT MEASURES PROPOSED
Due to the current lack of official protection of the Miguel Ibáñez wetlands, there are no rules regulating the activities occurring in its source area. This lack of regulation impacts directly on its state of conservation.
On the one hand, the three ponds, which are surrounded by farming lands and which are supplied by groundwater in months of drought, affect the groundwater flow that these wetlands receive. On the other hand, the transport of farmland fertilizers into groundwater alters its chemical quality. Proper conservation management of these ecosystems would require several measures including:
reduction of the farming activities in the immediate surroundings of the ponds, particularly reduced use of fertilizers; elimination of all types of waste-water discharge directly into the wetlands; reduction of groundwater pumping in the surrounding area during dry months; and reduction in biological exploitation (ranching).
To achieve appropriate environmental flows, the water quantity and quality must be regulated.
CONCLUSIONS
In the Miguel Ibáñez area, it can be seen that both surface waters and groundwaters flow in a west-east direction. Thus, the local aquifers display different hydrogeological behaviour from the regional SE-NW flows and there is evidently a disconnection between the Miguel Ibáñez wetlands and the regional flow.
Geological, hydrochemical and isotopic data show that the three ponds in the Miguel Ibáñez area have different hydrogeological characteristics, despite their proximity to one another. Notes (a) Height of the water in m a.m.s.l., i.e. height (converted to m) plus 878 m a.s.l. (b) Flooded area obtained through the level-flooded area curve in Fig. 11(a) . (c) Daily evaporation at Migueláñez station, data corrected according to Custodio and Llamas (1983) using an evaporation coefficient of 0.7. (d) Evaporated volume obtained by multiplying Evap. × Flooded area × 10 −3 . (e) Volumetric storage (m 3 ) obtained through the level-volume curve in Fig. 11(b ). (f) ΔV: Storage variation (m 3 ) obtained as the difference between two consecutive daily volumetric storage values. Negative values indicate water losses from the wetland. (g) Gw-inflow: the input of groundwater to the wetland, i.e. the difference between the daily evaporated volume and volumetric storage variation. Table 11 Curves of flooded area-height and volumeheight represented in Fig. 11(a) Identifying wetland water sources for environmental flow assessment
Most environmental flow studies make recommendations for changes to river abstractions or releases from reservoirs, focusing on direct management of surface runoff quantities. We address the wider issues, including the source of water from different aquifers and water quality. We make recommendations concerning management of aquifers and land use, with the aquifer recharge areas to achieve environmental flows. According to the definition of environmental flow requirements given at the beginning of this paper, these concern the quantity, quality and timing of water flows required to maintain the desired state of the ecosystems. The method of using the chemical properties of water sources can help define the water contributions to the wetlands, as an essential first step in environmental flow assessment, thus helping to establish a good conservation strategy.
